Abstract: The adverse health effects caused by indoor air pollution are termed "sick building syndrome". We report such a patient whose symptoms appeared in the workplace. A 36-year-old female office worker developed nausea and headache during working hours in a refurbished office. After eight months of seeking help at other clinics or hospitals without improvement, she was referred to our hospital. At that time she reacted to the smells of various chemicals outside of the office building. Biochemical findings were all within normal ranges. Specific IgE antibody to cedar pollen was positive and the ratio of TH1/TH2 was 4.5. In the Eye Tracking Test (ETT), vertical eye movement was saccadic. 
Indoor air pollution has recently gained prominence as an important public health issue. It includes a range of widely publicized problems such as sick building syndrome 1) , sick school syndrome 2) , and sick-house-syndrome 3) . These syndromes are characterized by subjective responses to nonspecific conditions. Causal factors include chemical agents, mechanical ventilation systems and air conditioning, and microbiological agents 4, 5) . The potential contribution of psychological factors has also been examined 6) . In Japan, it had previously been thought that sick building syndrome was not a problem because the Building Sanitation Management Standards strictly regulate the ventilation capacity of air conditioning systems installed in buildings. However, a female patient was recently referred to us who H NAKAZAWA et al.
Industrial Health 2005, 43, 341-345 complained of symptoms similar to those of sick building syndrome that she developed while working in a refurbished building.
She was compensated for loss of wage and medical treatment prescribed for an occupational disease by the Japanese Ministry of Health, Labour, and Welfare in June 2002. In this report we describe a case of sick building syndrome caused by air pollution in an office environment.
A 36-year-old female was employed as a clerk in a company that sold daily necessities. When the company office shifted to a building that was being refurbished, she became aware of a malodor and developed nausea and headache during work hours in late May 2000. In early June 2000, nettle rash, fever and pharyngeal pain appeared. She underwent a physical check-up, routine tests and a check t o i d e n t i f y a n y r e s p i r a t o r y s y m p t o m s a t t h e otorhinolaryngology department of a city hospital. Although there were no abnormal laboratory findings, she still complained of headache and nausea. The symptoms progressively worsened while working in the company's meeting room and showroom. In late July, after she had been working in the showroom, severe cough and nausea appeared. From that time onward she took leave from work and her symptoms improved to some extent. However, she then began to react to various smells from chemicals outside of the company building, such as exhaust and synthetic detergent. Following this experience, she consulted several doctors at a number of clinics and hospitals. Finally, she was referred to our hospital on February 7, 2001 .
Results of the first medical examination at our hospital: The patient's nose and pharyngeal mucous membranes were slightly inflamed but the upper skin layers were normal. All routine laboratory test data were within the normal range as shown in Table 1 . The total immunoglobulin (Ig) E level was 32 IU/mL (normal < 320 IU/mL). In the radioallergosorbent test (RAST), specific IgE antibodies to house dust, mites and formaldehyde were not found, but a positive result was obtained for cedar pollen (RAST ratio 1.0). The number of eosinophils in nasal mucus was 10 cells/100 cells. The ratio of TH1/TH2 was 4.5. In the Eye Tracking Test (ETT), vertical eye movement was saccadic as shown in Fig. 1 . ETT is a test of equilibrium function and was used to diagnose "multiple chemical sensitivity" by Ishikawa S and Miyata M 7) . When abnormal findings, such as saccades, are found in horizontal or vertical eye movement, vestibular ataxia is diagnosed. The caloric test was performed to examine vestibular function and her result was normal. In the pulmonary function test, no abnormal findings were observed in FEV, FEV 1 Environmental survey: Formaldehyde concentrations in the patient's workplace were measured by the detector tube method on July 5, 2001. Indoor air was sampled for 10 min at a flow rate of 300 ml/min using a proprietary pump (Air sampler S-21, Kohmyo Rikagaku Co, Tokyo) and a formaldehyde detector tube (Type 710, Kohmyo Rikagaku Co, Tokyo). The results are shown in Table 2 . The highest readings came from the center of the meeting room and the lowest reading was at the patient's workstation.
Health conditions of other workers in her office: Her 
Fig. 1. Eye movement patterns of the patient (A) and a normal subject (B) in Eye Tracking Test (ETT).
Upper figures show vertical eye movement patterns and lower ones show sinusoidally moving targets. colleagues were also aware of a malodor after the move to the new office. Some atopic persons complained of headache and nausea, particularly when working in the meeting room. Our patient developed various symptoms such as headache, cough, nausea, dizziness and eczema while working in a refurbished office; however, she obtained some relief from her symptoms by removing herself from the situation. When she developed symptoms, the office was in the process of being refurbished. Since various volatile organic compounds (VOCs) are used in building materials, she must have been exposed to a lot of chemicals at the time her symptoms first appeared. At that time, her colleagues were also aware of a strong malodor in the air of the meeting room and other rooms that were rarely used. From her subjective symptoms and the office circumstances, it was concluded that she was suffering from sick building syndrome.
It is reported that formaldehyde plays a major role in health problems from indoor air 8) . Because she applied to the Osaka Labor Standards Bureau for payment under Workmen's Accident Compensation Insurance in December 2000, the Bureau measured formaldehyde concentrations in her office as part of an environmental survey. The survey was performed more than one year after the onset of her symptoms and the formaldehyde concentrations were found to range from 0.017 to 0.053 ppm. The highest concentration was found in the meeting room, where this patient and her colleagues complained of headache and nausea, as shown in Table 2 . WHO 9) reports that the safe level for formaldehyde is below 0.05 ppm. In 2002, the Japanese Ministry of Health, Labour and Welfare 10) recommended a guideline value for indoor formaldehyde concentration in workplaces of 0.08 ppm. The concentration in the air of the meeting room was higher than the level that WHO designates as safe, but was within the Japanese guideline level. Yagi et al. 11) reported that formaldehyde concentration in a newly built house decreased by 1/4-1/2 after the elapse of 18 months. It can reasonably be surmised that the concentrations just after the refurbishment of her office would have been much higher than the measured concentrations and could have exceeded the guideline value for workplaces of 0.08 ppm. It has been reported that decrease of VOCs is much faster than formaldehyde 12, 13) . It has also been reported that total indoor hydrocarbon concentration is significantly correlated with symptoms 14) . These findings suggest that VOCs used in refurbishing of the office must have been present at high concentrations at that time.
This case was the first time someone had applied for payment under Workmen's Accident Compensation Insurance due to sick building syndrome caused by occupational exposure. She applied for compensation in December 2000 and her application was approved in June 2002.
Although some employees in the office had the same complaints that she had, only the patient developed a condition severe enough to prevent her from going to work. She also developed multiple chemical sensitivity. It was reported that indoor hydrocarbon exposure and personal factors are related to the sick building syndrome 15) . In addition, sensitivity to a chemical varies depending on the individual; for example, the odor threshold for formaldehyde is reported to range from 0.05 to 1.0 ppm 16) . Thus, the formaldehyde and VOCs concentrations at the time may have been tolerated by the other workers but not by this patient. Her superiors were not prepared to admit that her symptoms might have been related to the refurbishment of the office. Moreover, even though she visited several clinics and hospitals, none of the physicians she consulted, except for those at our hospital, recognized that her symptoms might be related to sick building syndrome caused by polluted indoor air. As she felt that her complaints were not correctly understood by the superiors and doctors, she found it impossible to trust them and her anxiety increased as a result. Her anxiety grade was very high according to the STAI-JY. Some authors [17] [18] [19] have addressed the potential contribution of psychosocial factors to sick building syndrome. Thus, lack of recognition by superiors and doctors that sick building syndrome might have been the source of her illness, coupled with her high state of anxiety, may have worsened her symptoms and led to the onset of multiple chemical sensitivity.
